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I. INTRODUCTION 
Mime tiaeons> Were first onpserved by Conover in 1965. 
lhoanover (195657 presents backqround and possible explanations 
for observed “anomalous cloud lines”. While cataloging 
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tor weather reports in the area of a Ship track, this thesis 
Peter rcalty iideantities the plattiorm generating the ship 
tiack and its surface meteorological parameters. 
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fe gre many ressons to study the surtace meteorological 
Pemonteos=; > Of Ship traecks. However, two stand out 4s s19q9- 
Peta tit . eee et tect et clouds in the earth’s radia- 


Seems buUatst 15 duite important. By turther understanding 


the sSurtace méteocralaqical parameters that can alter cloud 


radiative properties, radiation budget models would be 


better able £0 Precise 
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as of ancreaséed rerlectivity 


Secondly, and ne less important, is the identifications 


Ker suritace meteorological parameters which would lead to 
S@it-qeneratson of ship tracks. This has obvious tea@eieea 


iMQrlications, which will not be discussed in this thesves 


Coakley et al. (1987), shows that cloud condensation 
mucies: «CON trom ship exhaust increases numbers ot droplets 


wand 18 consistent with a decrease in droplet size. Hindman 
ie 2lsc describes the cantribution aft both the ship’s 


fooMmMentunm wake (Sir wake) and plume dynamics in the perturba- 
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Lame OF the marine boundary layer. Cook and Chaddock (1964) 
described wind tunnel tests that showed significant turbu- 
lence astern of an underway ship. 


The resultant dip in droplet size yields an increase in 


rG@raiectivity at 3.7 microns (channel 3 of the NOAA séries 
Bate. lites). The downward shift in droplet size and the 
:MNcrease in channel 3S reflectivity have been observed C Fate. 
3 and is well documented (Twomey, 1977: Coakley et. al., 
ae Pi TiC eS Se eS Se it is this change in channel 23 
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Bctivity thet makes the ship track identifiable from the 
sihbhlent backqround cloud. 
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have been observed ain many areas 
worldwide (Salvato, 1992), this thesis specitically studies 


ship tracks in the Pacific Ocean oft the west coast of the 


REFLECTANCE 


Z=0.25KM EQLWC=0.4 





2 4 4 5 a 7 6 9 10 1 12 13 
RADIUS (MICROMETERS) 


Perce” 1. Channel 3 reflectance ve. droplet size: (after 
Mineart, 198&€&) 


Pupced States. Ship tracks were objectively located in 
hRohAé-> ana husAA-1@ AVARR aata. The period of study was 25 
Stine is July i9f7. By utilizing an archive of ship weather 


reports, which was obtained from Fleet Numerical Oceanogra- 
Phy Center, ship tracks were matched to the position report- 
ec ain their respective synoptic observations. These ship 
tracks were further identified by utilizing various shipping 
Gétabases (Bluth, i992). 

Following 4& brief procedural discussion, thirteen cases 
will bé presented. Each case study will includé a synoptic 
Overview of the eastern Pacific region, 6 listing of the 


pertinent surface meteorologicsés] parameters reported by the 


Eiieew. and aA fomparative aLecussiaon oheene Shiptrack = aor 
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in the image relative to the reported and derived 
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parameters. Finally, conclusions and recommendations will 
be presented and will include parameter value ranges, possi- 


rales errors, and distance ditference statistics, as well as 


passible tuture research directions. 


bl. PROCEDURES 
tne procedure toe identity the surface meteoroiaogical 
Pemeeimetet> Ct Ship tracks involved two major steps. The 
first step was to objectively analyze satellite overpasses 
eee eeite 2haip tracks. The mext step was establishing the 


eee y Of the Shap by colbocating the ship track with the 


Position reperted in a synoptic observation. 
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utiiazedcd was the NOAA series of polar 
ieee t , epecifically NDAA-9 and NOAA-12@. Beth fly in a 


Mij@@eementonousS orbit at an albtatude of S2> miles. This 


sontigquration qives the possibility of coverage in the area 
of interest four times daily. 
zz. The Sensor 
The NUAA sateliites utilize the Advanced Very High 
Reaolution Radiometer CAVHRRE) to collect radiance data in 
tive aititerent wavebands (channels). The channels of inter- 


aot cc ae @ this thesis were channel 1 (Cvisible, ~-98-.6& mi- 
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lames): and Channel (near initrared, Se. oo =] ao5 MLeCraons >. 


ne raesalution ot the AVHRR instrument is 1 km by 1 km at 
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Processing 


Praceeaing was pertormned at fre U.ac. Naval Posie 
Wete Senool’s IUnterasetive Digital Environmental Analysis 
“See DSiGir a te layers Fach case study was originally derived 
irom 4n overpass GPWNDAS -SPorePNORA-l@ SAVHRR deca Each 
cnarinel S avervieéw was inspected visually to identity ship- 
tracks in the imaqe. When a candidate ship track was tound, 
Ss S1ll km by T1lo km Subscene was qenerated. The tinal “Saeeee 
EeSSing step was the “real mapping” of the ship track area 
Fusudliy 4 © degree hy 5 déeqree area centered on the ship 
tt 36 4h oS Ce ee ee This real mapping placed the image on a 
Were aUoL pr ees trom. 
B. SURFACE METEOROLOGICAL DATA 
rieet Numerical Oceanography center, Monterey, California 
\Fitccs, maintains an active archive otf ship synoptic weather 
Leports. A subset ot this archive was produced and utilized 
in the identitication Gt shyp tracre-. 
Mines candidate ship tracks were lacated in each satellite 
overpass, the position reported by each ship in 1tS Siege 
2epert was utilized toe tind a plattorm that correspon 
whe candidate ship track. The next step was 
shneeck “lhe bdentlit ication by 
bocmataion With 
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Vetermined then the tollowing Surface meteoraloqical psrame- 


Peeeeeiid be moentitied tor that ship track: 
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1 eee Werewoucweover in octas 
Reported True Wind 

Relative Wind 

Reported Course and Speed 

Sea Level Pressure in millibars 
Air Temperature in Centigrade 
Devpoint Température in Centiqrade 
eter Temperature in Centigrade 
Low Cloud Cover and Type 


by utilizing the course and speed along with réported true 
iis , the relative wind (apparent wind) is found with a 
See vector relation. Ship motion and winds are depicted 
Om wath mace in the rollowing manner: 

Se fireetion ot ship motion >» 

Peruse wind direction ama 

--RFelative wind direct ion==> 

Tne area that 1s most likely to contain errors within 


is, are the meteorological abservations. Mer- 
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Peomewesttips ao not earn their money taking observations. 
Sieeieically, sea Surface temperatures are normally iniec- 
1L1lonm temperatures taken anywhere from ten to thirty feet 
below tne surtace, depending on the draft of the ship. 
lio, a1r temperature and déwpoint are not measured with the 
Seaeititi= artcturacy needed for a riqorous study. However, 
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lil. SGASESSIODIES 
AS previously discussed, Gach ship track was objectively 
leceared in NUSA-S and NUAA-10 overpasses. These candidate 
Ship tracks were next compared with positions reported in 
See Se eNdition reports. After a quality check was 


azcomplished, identification of the ship track was complete 


ang 6nélysis ot surface meteorological conditions can take 


A. SEMB4 


The 3h1ip SEMB4 was observed in an overpass of NOAA-10) at 
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Seifeeplticaily, et this time an intensifying upper-level 
trough was located ett of Oregon and California. The sup- 
Lropicai high was located near 1530W, while its sscuthern lobe 
extended to Baja. The high coupled with a stronq thermal 
low ioniand, produced northwesterly winds throughout the area 
mt aunterest (Kloesel, et al., 1988). The synoptic report by 


SEME4 at J&8&HW@Z (1120@ local) showed the following surface 
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Fig. 2. Channel 3 imagery showing 3EMB4: 15502 on 30 June 
1 ey. 








mig. oS. 30 June 1987 122 NGM Analysis: S00 mb heights 
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Lelative wind direction and the analysis in fi46. Le Also 


Lie Shaiptrack is located in an area cf stratus within the 


nage, which :s reported by the ship. The position of the 
Lb Li atk an this imaqe is 38.17N 128.88W, while thee 
“bean Gderived trom SEME4’s synoptic reports is 35 2a 
i ae Thais dittérence in positions is approximately 8.92 


nautical miles. The identity of 3EMB¢4 has yet to be deter- 


mined rrom shipping databases. 
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Le552 (8829 lecal>) on 1 July 1987 (Fig. 4). Fig.) (a0 
SVMS ot 1 eee. at this time in response to the intensifying 
Apper-ievel trough & small surface trough developed at 36N 
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Meee. rection otf the Ship track matches well with the 

Pesative wind direction and the analysis in fig. a. Aiso 
the Shiptrack is located in 4n aréa of stratus within the 
imace, which 1s reported by the ship. ie positron of the 
Smeeeectrack in this image 1s 28.12N 1138.49W, while the 
epee derived trom SELT2’s synoptic reports is 27.99N 


rn 


Wee. cle fnis ditfterence in positions iS approximately 
Meeeeeautical miles. The identity of SELTS has been deter- 
mined to be the Merchant Vessel Diamond Highway. This 
YVeSeet if & larqe roll-on rolil-oft (RORO) car carrier that 
15 powered by diesel engines. 
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The ship KSFK was observed in two successive overpasses. 
The f$arest Oobservation was in an overpass of NOAA-146 at 16472 
See oe al] Pon eee «6B 66 aig. ©). Pages Shower synopt i - 
eS ast this time tne small surtrace trough cissipated 
while the southern lobe of the subtropical nigh spread 
mortn. Winds became more northerly on this day (kKhloesel, ét 
Sl. 1388). The surface meteorological parameters reported 
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Fig. 7. 2 July 1987 122 NGM Analysis: 506 mo heights (top) 
end surface pressure/l1OUU-502e mb ehlchness 
(Beetom). 


Ly 


St 17902 (1¥@M Local) by a nearby (Capproximately iS maui 
Wiless weatner buoy where as follows: 


True wine ea3a87s 

Relative wind 120 deg port 18 kts 
C/S Vara sS 

1015.1 mb 

1=C Ta 


eS ie Ts 


ole eee” 


horr did not begin to send out synoptic repor DS eee 


cy 


172 Ciege local) 4 Juiy 1987. Ship locations pPaiaaaee 


this were obtained from shipping databases (Bluth, 13322 
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Live wind direction and the analysis in fiq. &. The posi- 
tion of the ship track in this image is 40.79N 125.39W while 
Tne prasition deérived from shipping databases is 48.73N 
L234 427, This difference in positions iS approximately 4.32 
pautacal miles. 

The second observation ot KSFK was in an overpass of 
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teacning the coast. The surtace trough reached the coast of 
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Hastivard. The continued intense thermal low over Mexico 
REPT winds stronq and northerly throughout the area 
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1604Z on 4 July 


Channel 3 Imagery showing KSFK 
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Fig. 9. 4@ July 1987 122 NGM Analysis: Sev mk heiahte (top? 
and Surface pressure/1O00U-See mr: thickness 
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Fig. 11. 2 July 1987 122 NGM Analysia:s: S0e¢mb heights 
and surface preesure/1E000-S5eC0C mb thickness 
(Be meom,) .. 
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MO This difference in positions iS approximately 
:2.85 mautical miles. The identity of NLVS is the §)CG@eme 


(, 
C. 
fi 
be 
we 


ie Let hush. This vessel utilizes both qas turbines 


and diesel engines for propulsion. 


rhe ship SERV was observed in an overpass of NOAA-1@0 at 
volimg CO@9"%4. local) onmeteagjuly Wae/7 (Fiaq. aimee Fig. 132 shows 


synopticalliyvy. the axis af the upper-level trough reached the 


< eee. The Surface trough reached the coast ot Uregon and 
Weehiangtan, while the subtropical high maved eastward. The 


Toutinued intense thermal low over Mexico kept winds strong 





Fig. 


12. 


Channel 3 Imagery showing 3ERV 
1987. 


22 


16042 on 4 


July 





Picgw is. 4 July 1987 122 NGM Analysis: Ou mek cheieyas 
(top, and surface pressure/iGOO-SC6O mb thicknece 
Cbattom:. 


and omortheriy throughout the &réaé of ianterest (Rioesel, et 


a. . ee Ns, THe SyNeweolbemmepore by SERV at 18002 (1106 
Soc: i © Sshoawed the tollowing surface meteorological parame- 
ters: 


& octas total cover 

rue Wind Cie 1s 

Relative wind 36 deq part 25 kts 
eee 2/7 

1@1S5S.ea@ mb 


2ac Ta 
iot Ta 
13¢C Tie 


= 


& oactas 5c 


The @irection of the ship track matches well with the 


eee 8 Wend Girection and the analysis in fig. 12. Also 
Loe Shinmtrack is located in an area of stratocumulus within 


Lhe iamagqe, which is reported by the ship. The position of 


Memes Eracikt in this image is 26.61N 119.5498, while the 


ree 
- 
or 
4 
rt 


MeQeeecderived <stram SERV’S aeynoptic reports is 26.35/N 
List.oa2W. This difference in positions is approximately 3.39 
mautical miles. The identity ot SERV is the Merchant Vessel 
Pitti ii. This vessel is a general dry cargo ship that 


uLiiizves darect drive ail engines tor propulsion. 


The Ship JKLOQ was observed in a@n overpass of NOAS-190 at 


ty 
fat 
n 


iereeeeror Jeeves (Pag. 14). Fig. 15 shows 


womntcically, zonal flow is observed at upper-levels, while 


efector ieal nigh Maintains its position into Oregon = and 


mealisor ere COMmcinue to bemMstroeng™ and "owt of the 


=) 
ke 
Qh 


7 Jaa 


16392 


EMy 


oe 


ue 


va 


coe it 


| 
ha 


Hi gl 


It 
ut i ie 


If Thi 7 
cane 


fi 
I 
i 


oat ae ; 


ib th | 

{ i 

i ; i ti I! . ' KI 
i if nl en Ai 


n : 


ar 


hy 


it i 

: ib, 

a a : 
iM redid 3 


Ar 





showing JKLQ: 


28 


Channel 3 Imagery 
1987 


14. 


Fig. 





F ign S.. 7 July 1987 122 NGM Analysis: S03 mb heidqhts 
(top) and surface pressure/1O480-S5e8e mb thickness 
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The direction of the ship track matches well with the 
ative wind direction and the analysis in tig. See Also 
S.1iptrack is located in an area of stratocumulus within 

image, which 1s reported by the ship. The position of 

ship track in this image is 30.11N 12¢4.€9W while the 
ition derived from JKLQ’s synoptic reports is 30.U6N 
-E9W. This difterence in positions 18 approximately 3.00 
tical miles. The identity of JKLQ 1s the Merchant Vessel 
h1lasn Highway, a RORO cargo/vehicle carrier. This vessel 


liztes o11 burning engines for propulsion. 
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Pig. I7% 7 July 1987 122 NGM Analysis: Sao mb heights 
(top) and surface pressure/10G0-Se00 mb thickness 
CbOL Comer. 
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poet ornle. Winds continue to be strong and out oft the 


northweet (Kloesel, et al., 1988). The synoptic report by 
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-ETIS at 18¢@0@2 (1100 local) showed the following surface 
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The direction of the ship track matches well with the 
bPelative wind direction and the analysis in fig. 16. Also 
the shiptrack is located in an area ot stratocumulus within 
the imaqe, which is reported by the ship. The position of 
the ship track in this inage is 34.02N 134.41W while the 
position derived from SEJIS’s synaptic reports iS 34.@00N 
is4.35W. This ditference in positians 1S approximately 3.79 
nautical miles. 

The second observation of SEJIS is in an overpass of 
Pee weoweetee. S/2 (L937 locald on 7 July 1987 (Figs. 18 and 
aD. The synoptic report by SEJIS at @@00Z (1700 local) 


showed the following surface meteorological parameters: 
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8 July 1987 @0@Z NGM Analysis: Sao me Rheirghts 
(top) and surface pressure/1@Q00-500 mb thickness 
(bottom). 
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Tne dairection of the ship track matches well with the 
relative wind direction and the analysis in fig. 16. Also 
the shiptrack is located in an area of stratocumulus within 
the image, which is reported by the ship. The position of 
tne ship track in this image is 33.1@N 132.18W, while the 
position derived from SEJIS’s synoptic reports TS eee 


i 3 eae This ditference in positions 18 approximately 


Tne third observation of SEJIS is in an overpass of 
HOAA-12@ at 16172 (8917 local) on 8 July 1987  £(F Gee 
Fig. 21 shows synoptically, the zonal upper-air ftlowseogmea. 
ues, while the subtropical high intensified into Oregon and 
Washingtene The winds continue to be out of the north 
throuqhout the area (Kloesel, et al., 1988). The synoptic 
report by SEJIS at 18@0Z (11020 local) showed the following 
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PaVvGaa al 8 July 1987 122 NGM Analysis: 5eC mb heights 
(top) and surface presesure/10009-S5060 mb thickness 


(bottom) . 
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The direction of the ship track matches well with the 
Peeve WINad direction and the analysis in f£1q. 20. Also 
the ghiptrack ig lecatéd in an area of stratocumulus within 
mhe image, which is reparted by the ship. The position of 
the ship track in this image is 30.39N 125.11W, while the 
Peewenron, derived trom SEJIS’s synoptic reports is 3@.35N 
125.i7W. This difterence in positions is approximately 4.33 
fete at miles. The identity of SEJIS has not yet been 


determined from shipping databases. 


H. JDXS 

The ship JDXS was observed in an overpass of NOAA-190 at 
Peeeeooea 1oCal) on 10 July 1987/7 (Fig. 22). Fig. 23 shows 
SS hWemercally, the upper level was oriented with a ridge 
Slenq 140W and a trough along 118W. The surface pressure 
gradirént weakened slightly as the subtropical high shifted 
westward. Winds continued to be moderate and out oat the 
foreeetntoestel, et al., 1988). The synoptic report by JDXS 
at 184682 (11006 local) showed the following surface meteoro- 


laqical parameters: 
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Bega) 20 1@ July 1987 12Z NGM Analysis: S00 mb heights 
(top) and surface pressure/1006-S50C mb thickness 
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ne direction of the ship track matches well with the 
relative wind direction and the analysis in fig. 22. Also 
the shiptrack is located in an area of stratocumulus within 
the image, which is reported by the ship. The position of 
the Ship track in this image is 31./73N 124.359W, while the 
crosition derived from JDXS’ synoptic reports is 31./7/7N 
| eee we This difference in positions iS approximately 
16.97 nautical miles. The identity of JDXS is the Merchant 
Vessel Toyotfuiji 1@, a RORO Car Carrier. This vessel uti- 


lizes a diesel engine tor its propulsion. 
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The Snip SEFSS was observed in an overpass of NQAA-9 at 
234972 (16047 local) on 10 July 1987 (Fig. 24). Fig. 255eRea8 
SYROGE Leas. the upper level was oriented with a ridge 


elongqg 140W and a trough alondq 118W. The surface pressure 
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radient weakened slightiy as the subtropical high shifted 


Westward, 


Fig. 24. Channel 3 Imagery showing 3SEFSS: 23472 on i0 
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Fig. 25. 11 July 1987 @@Z NGM Analysie: Soo mb helgntes 
(top) and Suritaece pressure/1000-560 mb thicKnese 


(bottean?. 
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Winds cantinued to be moderate and out of the north CKloe- 
sel, ay aim, 2985). ie femme = report by SEFSS at @G007Z 
(17600 tlocal>d showed the following surface meteorological 
parameters: 
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The direction of the ship track matches well with the 
relative wind direction and the analysis in fiq. 24. Also 
the Ghiptrack 1s located in an aréa of stratocumulus within 
the image, which is reported by the ship. The position of 
the ship track in this image is 44.17N 146.14W, while the 
position derived trom SEFSS’s synoptic reports is 44.12N 
145.20W. This difterence in positions is approximately 4.69 
nautical miles. The identity of 3SEFSS has yet to be deter- 


mined from shipping databases. 
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The ship ELFZ8 was observed in an overpass of NOAA-93S at 


Peeters oe local) on il July 1987 (Fig..26). Fig. 27 shows 
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Ssynoptically, the upper level ridge began to move eastward. 
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At th surface, the subtropical high remained stationary 
Whale the inland thermal low began to dissipate. The 


further reéduced the offshore pressure gradient, with winds 
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12 July 1987 @@Z NGM Analysis: See mb heights 
(top) and surface pressure/10@0-S50G mb thick- 
ness (bottom). 
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liqnt £0 Moderate out of the northwest (Kloesel, et al., 


1 ee The synoptic report by ELFZS at U@mwe2l (1720 leeee 
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The direction oft the ship track matches well with the 

relative wind direction and the analysis in fig. 26. Also 
the Sniptrack is located in an area of atratocumulus within 
the a iumadae, which ig reported by the ship. The position of 
tne ship track in this image is 38&.76N 140.¢8W, while the 
position derived from ELF28’s synoptic reports is 38.6/N 
L446.44W. This difterence in positions is approximately 3.91 
nautical miles. The identity of ELFZ8 is the‘ Merchant 


Vessel Nosac Skaukar, a RORO car carrrier. This vessel 


utilizes diesel engines for propulsion. 


K. JKES 


The ehip JRES was observed in an overpass otf NOAA-9 at 


233592 (lesd local) on 11 July 1987 (Fig. 28). The  Siiiiieieee 
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Situation 1s discussed in section j and is shown in tig. 27. 
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The synoptic report by JKES at @U@GBE (1700 local? showed the 
following surtace meteorological parameters: 
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Tne direction of the ship track matches well with the 
relative wind direction and the analysis in fig. 28. The 
position at the ship track in this image is 40.34N 141.94W, 
while the position derived trom JKES’ synoptic reports is 
40.2/7N 141.9i1W. This difference in positions is) )apeeeaaa 
Nahelyvy 4.57 mautical miles. The identity of JKES is the 
Nerchsant Vessel Mackinac Bridge. This vessel’s type and 


propulsion are yet unidentified. 


The ship 3SFOC was observed in an overpass of NOAA-9 at 
ee (1625 local) on 11 July 1987 (Fig 29). The )S¥i aa 


Situation is discussed in section 4 and is shown in fiq. 27. 
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ne 2aynoptic report by SFOC at OBObUL (1760 local) showed the 
tollowing sSurtace meteoroloqical parameters: 
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The direction of the ship track matches well with the 
relative wind direction and the analysis in fig. 29. Also 
the shiptrack 1s lecated in an aréa of stratus within the 
image, which 18 reported by the ship. The position of the 
Ship track ain this image is 41.48N 142.47W, while the 
wOSZition derived from 3FOC’sS synoptic reports is 41.335N 
140.27W. This difference in positions iS approximately 
16.82 nautical miles. The identity of 3FOC is the Merchant 
Vessel Appolo Peak, a general dry cargo ship. This vessel 


utilizes direct drive oil burning engines for propulsion. 
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The Ship 9VO0Q was observed in an overpass of NOAA-9 at 


vase 
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~ (1635 local? on 11 July 1987 (Fiq. 3@). The SS) 


Situation is discussed in section j and is shown in tig. 2/7. 
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The Synoptic report by OB9V0Q at OVWVOZ (1700 local) shawed the 
tollowing surtace meteoralogical parameters: 
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The direction of the ship track ma&tchés well with the 
relative wind direction and the analysis in fig. 30. Also 
the shiptrack is located in an area of stratocumulus within 
the a amaqe, which is reported by the ship. The position of 
tne ship track in this image is 41.39N 134.37W, while the 
position derive from 9VOQ’s synoptic reports is 41.37N 
i24d.2e¢W. This difference in positions is approximately 1.34 
nautical miles. The identity of 9VOQ is the Merchant Vessel 
Neptune Garnet, a container ship. This vessel utilizes 


direct drive oil burning engines for propulsion. 


N. (EERES 

The ship ELHE9Y was observed in two successive overpasses. 
The tirst observation was in an overpass of NOAA-10 at 16092 
(YS4i"5 local» on 23 July 13375 G@ ee Fiq. 32 shows 
esynoptically, the upper level ridge has moved eastward aver 
tne Pacitic Northwest. While at the surface the subtropical 
hign has moved northwestward and the inland thermal 4tIlow 
strengthened somewhat. Winds have increased and are still 


wut af the northwest (Kloesel, et al., 1988). The synoptic 
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Fig. 32. 13 July 1987 122 NGM Analyesie: See mb heighte 
(top) and surface pressure/1@00-S500 mr thickness 
(bOtigame |. 


a3 


report by ELHBS at 18G@82 (1108 local) showed the tallowing 
suritace wMeteoraloqical parameters: 
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Tne direction of the ship track matches well with the 
reiative wind direction and the analysis in fig. 31. Also 
tTnewshiptrack is located in an area of stratocumulus within 
wemernage, which is reported By the ship. —The position of 
the Ship track in this image is 35.28N 123.43W, while the 
position dérived from ELHB9S’s synoptic reports is 35.14N 
123.430. This ditference in positions is approximately 8.92 
nautical miles. 

The next ebservation of ELHBY is in an overpass of NQAA-S 


at a Ss 
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feet oOs Grocal) angle ™°-July” 1987 (Fig. 32). Pangea SS 
Shows synoptically, the upper level ridge continues to move 
Sealand. At the surface, the subtropical high strengthens 
and maves eastward while the inland thermal low also in- 
creases in intensity. This coupling increases winds over 
the area& or imterest (Kloesel, et al., 1988). The synoptic 


report by ELHES at @@002Z2 (1700 local) showed the following 
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Fig. 33. 15 July 1987 @0Z NGM Analysis: SHO mb heights 
(top) and surface pressure/100C-S50e0 mb thickness 
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The direction ar the snio track matches well with the 
relative wind direction and the analysis in fiero Also 


the ehaptrack is located in an area of stratocumulus within 
the aumage, which 1S reported by the ship. The position of 
the ship track in this image is 38.71N 136.08W, while the 


poesitian dérived trom ELHB9S’s synoptic reports is 38./73N 


. ee 


i, Sears This difterence in positions i8s approximately 


he 


JU.,27? nautical miles. The identity of ELHBS is the Merchant 
Vegsel Neptune Agate, a container ship. This vessel uti- 


lizes diesel engines for propulsion. 
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IV. ANALYSIS 
Thirteen case studies were presented with discussions of 
memetlc patterns aS welias local surface conditions. 
Table 1 Summarizes this data, sand also includes propulsion 
type and ship to Ship track separation information. Also by 
observing the relation between relative wind and distance 
between ship and ship track (f1q. 38), factors involved in 
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iD 


neration of ship tracks should be able to be postulated. 
lt Adivection af the CCN’s was the driving force a positive 
relation between rélative wind and ship to ship track sepa- 
ration would be shown (dashed line in fig. 34). Conversely, 
it the momentum (turbulence) wake astern of the ship were an 
Mimoeteeant tacter 4 negative relation should exist (solid 


mime init 34 ie. Fig. 34 shows that neither of these 


pe 
Cy 
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Situations clearly exist, and suggests that ship track 
qeneration is a complicated process that involves more than 
these two techniques alone. In addition, the steam and oil 
engine propelied ships had a smalieér separation distance 


ean mae tk 


itt 


dresel plattorms (4.81 and 4.64 nm vice 11.66 
Om +s A possible hypothesis for this situation is that the 
blume dynamics and CCN concentrations are ditferent tor each 


Peapulbs1on class. 
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Fig. 34. Relative Wind versus Separation of ship from ship 
track: dashed line--advection etfect 
SBO0Olid line--turbulent wake effect 


63 


Suriace meteorological parameters were found to be the 
TOLL OoOWwIng conpoowee, 
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Un the average, the ship track environment iS characterized 
wy nigh numidity, cool temperatures, low broken to overcast 


h1les, a moderate wind, oceanic temperatures near the air 


ie 


Temperature, and all located within a high pressure environ- 
Palio Thais characteristic environment 1s not extraordinary 
when compared with climatological conditions during July 


the mer th Pacitic (Fett, et. au. , 19379: Kloesel, et. 


AS mentioned in an earlier section, the area of greatest 
errors are in the specific measurements of air tempereture, 


dewpoint, a 


= 


aq Sea surtace temperature. Although, sG@ientia. 
cally these errors can be Significant, the data still por- 
tray #2 qeneral picture of the camposite ship track environ- 
nent. &lsc, with only thirteen cases which occur throuigieue 
the najority of the eastern Pacific basin (24N-46N anda 117W- 
148W) statistics are not reliable. A statistical separation 


J0¢5 not s6¢em to exist between the composite ship track 


Sorceress the Lygpgileasi July eastern Pacitic environ- 
ment. Pee s@ewnitsies im the Gata “not withstanding, this 
resuit is tonsistent with the ubiquitous nature of observed 


mip tracks in the eastern North Pacific. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
The purpose of this thesis was to confirm ship and ship 
track coexistence as well as to identify their surface 
meteorological parameters. Thirteen case studies were 
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nted with diacussions at synoptic patterns as w 
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bres 
tacal surface conditions. The primary result is that (ae 


teen ditterent ships were conclusively identified as origins 


of observed Ship tracks. 
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ar qeneration mechanism was seen in @ camparison of 
Lelative wind and ship to Ship track separation. This would 


t the 


fu: 
ip 


hei cele ta neration of Ship tracks 1s 8&2 complicated 


{t 


process that involves many factors. Although, ingens 
smaliys1is steam and oil propulsion plants showed a smaller 
(4.681 nm and 4.64 nm) separation of ship to ship track than 
did diesel power plants (11.66 nm). 

rhe qeneérel compeasite of the ship track environment does 
ict show significant departures from normal conditions Gn 


the @42ztern Pacific basin during July. This is consistent 
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= fact that observed ship tracks are numerous in the 
Weewor deeeinicielae 
Fucure research into the ship track environment will take 


Numerous avenues. Some priority areas should be: 


S eeecroeek fraciative characteristics and appearance 


Vemecusc oh 
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ey . This reszearcn should continue to enhance 
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the database and enable real time classification from image- 
Teer 
Peat eor oo Oortunity ©“COO), should be employed to 


urther déetine the environment in which ship tracks develop. 
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n Ships have been identified in this thesis as 


iT 
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“generators”, eftorts should be made to ride these ships 
through tavorable environments (the Keystone Canyon makes 
2s hetween Valdez, AK and the Panama Canal) and accu- 


rately measure surtace meteorological parameters to include 


\Gnperature, dewpoint, surface pressure, sea surface 


alt 
pH 
ty 
(ce 


tLemperacure, ten meter winds, and any others deemed relevant 
wy future research. Also, Since it is nat well documented, 
studies of the turbulent boundary layer astern of the ship, 


the characteristics of the exhaust plume would be criti- 
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ry 
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ese Raact (Global Position Sateilites) position ainforma- 
Lion would ke important to the study of separation of ship 
P oueemiig Graeck . 

-- Se S , in the vicinity of ship tracks and eélse- 
waere, which do not make ship tracks should be studied, 
meginning with an overview of the surface meteorological 


parameters, ana eventually integrating with COQ investiga- 


ie a COO measurements can be made when there is no appar- 


ent @hip track in & satellite overpass. Then &@ sciéntiti- 
rteiiv accurate comparison can be accomplished between the 
Ship track and no-ship track environments. 

Ship tracks have now been positively associated with their 


qenerating platforms. A significant foundation is in piece 


for tuture research into ship track genesis. 
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